The purpose of this study was to evaluate the histopathological effect of eugenol and biseugenol on oral mucous membranes at the tissue organ level. Oral mucous membranes of mice were applied with three reagents, eugenol, bis-eugenol, and aceton (as the control).
The control group showed a normal architecture.
The eugenol group showed severe hyperkeratosis, parakeratosis, cellular edema, pachy chronic inflammation, pleomorphism and hyperchromatism of basal layer cells, indicating high mitotic activity.
Comparatively, the biseugenol group showed mild hyperkeratosis, parakeratosis, however, the shape or arrangement of basal layer cells were normal.
Bis-eugenol was considerably less toxic than eugenol.
INTRODUCTION
Eugenol (4-allyl-2-methoxyphenol) is widely used not as a dental material with zinc oxide such as pulp capping cement, provisional cement, root canal sealer, and impression paste, but as a perfume ingredient.
Eugenol has antioxidant, bactericidal, and sedative activities and inhibits non-enzymatic peroxidation1). However, higher concentrations of eugenol have been reported to show some cytotoxic activity2).
In the presence of moisture the zinc oxide eugenol (ZOE) cement matrix is hydrolyzed to release eugenol3). In general, ZOE cement is classified as a toxic material according to the cytotoxic standard.
To improve ZOE cement, we synthesized bis-eugenol (3,3'-dimethoxy-5,5'-di-2-propenyl-1,1'-biphenyl-2,2'-diol) by oxidatively producing a complex between the ortho position of the hydroxy groups in adjacent eugenol monomers, under the hypothesis that the cytotoxicity of eugenol dimer might be less than that of the original eugenol monomers, due to its lesser radicalization by the occupancy of the ortho position. The cytotoxic activity of bis-eugenol has been confirmed to be less than that of the original eugenol at the culture cell level4) but not at the tissue organ level.
In the present study, we evaluated the histological effect of eugenol and biseugenol on oral mucous membranes.
MATERIALS AND METHODS
Eugenol (Tokyo Kasei, Tokyo) was purifed by HPLC. The bis-eugenol used was similar to that previously reported4). The chemical structures of eugenol and biseugenol are shown in Fig. 1 . Eugenol purified by HPLC and bis-eugenol were resolved in acetone (3%w/v) (Tokyo Kasei, Tokyo), respectively, and the acetone was used as a control. Twelve adult mice (ICR, 8 weeks) were divided into three groups. The test reagents were applied to the central portion extended to all over the left cheek mucous membrane of the mouse using a resin carrier brush. The reagents were applied once per day for one week. On the 7th day the mouse was sacrificed, following the animal experiment guidelines, Meikai University School of Dentistry and their left cheek was excised immediately fixed in 2.5% glutaric acid for about 2 hours and then conserved in 0.1M sodium cacodylate.
They were studied histologically using standard methods of H-E stain. Specimens were prepared routinely then observed in a transmission electron microscope (TEM: JEM-100CX).
RESULTS
The stratum corneum of the control group mice were very thin and packed closely. The basal layer was about one layer thickness and the cells were cuboid in shape and they were not distinguishable from the prickle layer cells. The normal histological architecture of the oral mucous membrane of mouse is shown in Fig. 2 . The layer was about 6-7 cells in thickness by TEM (Figs. 3-A, 4-A) . The labial epithelium following application of eugenol showed a marked thickening of the stratum corneum similar to hyperkeratosis. A prominent granular cell layer appeared typically pachy due to the chronic inflammation.
Pleomorphism and hyperchromatism of the basal cell nuclei indicated high mitotic activity in this layer (Fig. 5) . The stratum corneum averaged about 11-12 cells in thickness by TEM and were packed loosely, with cracks dispersed into the celluar edema. The shrunken nuclei remaining in the granular layer were indicative of parakeratosis ( Fig. 3-B) . The labial epithelium following application of bis-eugenol showed the shape and arrangement of nomal cells (Fig. 6) . The stratum corneum averaged about 8-9 cells in thickness by TEM, indicating a mild hyperkeratosis. The shrunken nuclei remaining in the granular layer were indicative of parakeratosis (Fig. 4-B 
DISCUSSION
When we applied eugenol topically to oral mucous mouse membranes, swelling and redness could be observed in this area on the 4th day; in other words, the inflammation was confirmed grossly. However, it did not show any changes in the acetone (control) or bis-eugenol application. The degree of hyperkeratosis was arbitrarily classified into mild or severe by measuring precisely the thickness of the stratum corneum from TEM photographs.
The criteria was cytoplasm surrounded by a cell line. The intercellular line was the border line of one cell layer. The findings suggested severe hyperkeratosis by eugenol application, mild hyperkeratosis by biseugenol, and normal by acetone application. We previously reported that eugenol produced radicals and radicals may be responsible for the induction of cytotoxic activity6-9). However, eugenol is used in dentistry such as in ZOE cements, and the cytotoxic activity of eugenol was reported to be mild for the reaction of implants to connective tissues of Wister rats10).
In conclusion, bis-eugenol was less toxic than eugenol at the tissue organ level.
